We use our previously reported method for solving self-consistently the local-density one-particle equations in a numerical-basis-set linear combination of atomic orbitals expansion to study the ground-state charge density, 
I. INTRODU(. 'TION
The local density functional (LDF) formalism of Hohenberg, Kohn, and Sham, " and its recent extension as a local spin-density functional formalism, ' form the basis of a new approach to the study of electronic structure in that the effects of exchange and correlation are incorporated directly into a charge-density-dependent potential term that is determined self -consistently from the solution of an effective one-particle equation. Applications of the LDF formalism to atoms+' and molecules' have yielded encouraging results. Similar applications for solids are complicated by (i) the need to con sider both the short-range and the long-range multicenter crystal potential having nonspherical components, (ii) the difficulties in obtaining full self-consistency in a periodic system, and (iii) the need to provide a basis set with sufficient variational flexibility. Hence, theoretical. studies of ground-state electronic properties of solids in the LDF formalism have been mainly l.imited to muffin-tin models for the potential, " non-selfconsistent schemes, ' treatments of simplified jellium models'0 or spherical cellular schemes We have recently proposed"" a general selfconsistent method for solving the LDF formalism one-particle equation for realistic solids using a numerical-basis-set LCAO (linear combination of atomic orbitals) expansi. on and retaining all nonspherical parts of the crystal potential. We have demonstrated a rapid convergence of the selfconsistent (SC) cycle when the treatment of the full crystal charge density is suitably apportioned between real-space and Fourier-transformed reciprocal-space parts and have indicated the large degree of variational flexibility offered by a nonlinearly optimized (exact) numerical atomiclike basis set. We have shown that all multicenter interactions as well as the nonconstant parts of the crystal potential are efficiently treated by a three-dimensional Diophantine integration scheme.
The purpose of this paper is to illustrate the applicability of our method to real systems by studying the ground-state electronic properties of diamond. Diamond has been long considered as a prototype for covalently bonded insulators" and a great deal of experimental work has been done on its ground-state properties, including cohensive energy, " lattice-constant studies, " x-ray scattering factors, "" charge density, " and directional Compton profile. O' In addition, theoretical studies on its ground-state properties within the restricted Hartree-Fock (RHF) model are available" " so comparison with the predictions of the LDF formalism is possible. Although the eigenvalue spectrum (band structure) of the local exchange Hamiltonian for diamond has been studied previously by a variety of first-principles techniques [augmented planes waves (APW), '" " orthogonalized plane waves (OPW), "" pseudopotential OPW, " LCAO, " " and cellular methods "], the ground-state observables related to the ground-state crystal charge density have received much less attention. While 
where Z is the nuclear charge of the atom situated at site d and R denotes the position vector of the rnth unit cell.
It is clear that, because of the functional dependence of the potentials on p(r) and hence on the wave functions {i{(, . (k, r)j, the solutions must be obtained by some self-consistent (SC) procedure. As our initial guess for the crystal density (which will be subsequently refined in the SC iterative cycle) we chose a population-dependent overlapping atomic densities model t/r, (k, r) = g g C""(k)4, (k, r),
where C (k, r) is defined in terms of the pth basis orbital y"'(r) situated on the nth site:
We use as LCAO 
S "s(k) = ( C ", (k, r) I 4"8(k, r) We next consider the contributions of exchange and correlation to the self-consistent crystal potential. Figure 5 shows In order to further elucidate the bonding mechanism in diamond, we have studied the changes in crystal charge density with lattice constant. Figure 8 reveals the charge-density changes in some high-symmetry states in the occupied portion of the BZ as a function of lattice constant. Upon decreasing the lattice constant from a value larger than the equilibrium value, charge density is shifted towards the bond regio~and simultaneously the density at the core region is increased (at the expense of depleting charge from an intermediate region).
This result confirms our earlier suggestion (cf. Figs. 1-3 ) that the bonding mechanism in diamond involves a stabilization of the crystal due to both a build up of charge density in the bond region (mainly due to exchange and correlation effects) and close to the core regions (due to penetration of neighboring wave functions). Both of these effects tend to decrease the positive kinetic energy, produced by the orthogonalization of the (overlapping) noninteracting atomic Bloch states, by enhancing the interaction with the attractive electron-nuclear, exchange, and correlation potentials. A minimal-basis-set description of diamond tends to remove charge from the core regions into the bond region thereby producing rather realistic values for the low-angle scattering factors ( where P is the pressure, K is the volume compressibility (0.18 x 10 " dyn/cm' in diamond ') and V is the unit-cell volume. Inspection of Fig.  9 indicates that the one-electron energy levels can be divided into distinct groups according to their pressure coefficients. In the valence band, the states near the bottom of the band having predominantly 2s character (e.g. , 1,"X, "L, '", etc. ) have a rather large pressure coefficient [(3-5) 
